Abstract The effects of vasopressin, angiotensin II, and calcium ionophore A23187 were examined and compared on endogenous prostaglandin Ez (PGEz) production, in the absence of exogenous arachidonate, by glomeruli and cortical and medullary collecting tubules freshly prepared from rat kidney. Angiotensin II stimulated PGEz production in the glomeruli but not in the collecting tubules. Vasopressin at concentrations which stimulate CAMP production in collecting tubules failed to stimulate PGEz production in both glomeruli and collecting tubules. Significant stimulation of PGEz production occurred in response to calcium ionophore A23187 in both glomeruli and collecting tubules. These results showed that vasopressin failed to stimulate PGE2 production from endogenous precursors in both glomeruli and collecting tubules of the rat kidney while angiotensin II stimulates PGEz production in the glomeruli but not in collecting tubules. In addition, an ability to produce PGEz may be greater in medullary than in the cortical portions of collecting tubules as judged by the response to calcium ionophore.
urine (DUNK and HooD, 1977; STOKES, 1981; ZUSMAN 1981) . Available data suggest that both vasopressin and angiotensin II may stimulate PG production in these structures in the kidney (ZUSMAN and KAISER, 1977; SRAER et al., 1980; CAMPBELL et al.,1982; KIRSCHENBAUM et al., 1982; SCHARSCHMIDT and DUNN, 1983; SCHLONDORFF et al., 1983) . Since PGE2, a major PG produced in these structures in the rat kidney, may exert opposing effects or attenuate the effects of angiotensin II and vasopressin on glomerular function and on collecting tubules (GRANTHAM and ORLOFF, 1968; DUNN and HooD, 1977; STOKES 1981; ZUSMAN 1981) , it has been proposed that stimulation of PGE2 production by these hormones may construct negative feedback loops in regulating the functions of the glomeruli and collecting tubules in the kidney. However, reports by several investigators on the effects of these vasoactive peptides on PGE2 production have not been consistent. For example, it has been clearly shown that both vasopressin and angiotensin II stimulate PG production in the cultured glomerular mesangial cells (SCHARSCHMIDT and DUNN 1983) , but such stimulatory effects were absent or equivocal in studies using freshly isolated glomeruli (BEIERWALTES et al., 1980; SCHLONDORFF et al., 1983) . Also, studies examining the effect of vasopressin on PGE2 production in the collecting tubules provided conflicting results (GRENIER et al., 1981; SCHWARTZMAN et al., 1981; KIRSCHENBAUM, 1982; SCHLONDORFF et al., 1983) , while stimulatory effects of vasopressin have been amply demonstrated in cultured medullary interstitial cells (BECK et al., 1980; ZUSMAN and KAISER, 1977) . To further clarify these issues, we examined and compared the effects of vasopressin, angiotensin II, and calcium ionophore (A23187) on PGE2 production in freshly isolated glomeruli and microdissected cortical and medullary collecting tubules from rat kidney. Calcium ionophore A23187 was chosen since it can stimulate PG production at phospholipase via hormone-receptor independent mechanisms while the effects of vasopressin and angiotensin II are thought to be mediated also at phospholipase but via specific hormone receptors (CRAVEN et al., 1980; SCHLONDORFF et al., 1984; SATO and DUNK, 1986) .
MATERIALS AND METHODS
Wistar male rats weighing 170-260 g were killed by decapitation. Glomeruli were isolated using sieving techniques using nylon screens of 100, 150, and 200 mesh size as reported by associates (SRAER et al., 1979, 1980) with slight modifications. Renal cortices from 5 rats were used for each perifusion experiments. In brief, renal cortices were minced with razor blades and passed through nylon screen (100 mesh, 150 µm pore size). The paste-like material passed through the nylon mesh was suspended in 30 ml of modified Hanks' solution (HHGB) (in mM: NaCI 137, KCl 5.3, Na2HPO4 0.34, KH2PO4 0.44, NaHCO3 4.2, MgCl2 1.0, HEPES-Na 5.5, glucose 5.5, and 0.100 bovine serum albumin; pH 7.4) equilibrated with room air and then centrifuged at 150 x g for 1 min at 4°C. The pellet was resuspended in 15 ml of HHGB and poured through a 25-gauge needle onto the 150 mesh (100 µm pore) nylon screen, then through 200 mesh (75 µm pore) nylon screen. The glomeruli on the final 200 mesh screen were collected and suspended in 7 ml of HHGB and centrifuged at 150 x g for 1 min at 4°C. The resultant pellet was suspended in 0.5 ml HHGB and an aliquot (50µl) was assayed for protein concentration by the method of Lowry et al. (LOWRY et al., 1951) using bovine serum albumin as standard.
Our perifusion system of isolated glomeruli is a modification of the system reported by Beierwaltes et al. (BEIERWALTES et a!.,1980) with slight modifications. In short, isolated glomeruli were loosely packed between glasswool on the bottom and 200 mesh nylon screen on the top in a Pasteur pipet. The top of the pipet was sealed by a rubber stopper through which a polyethylene catheter, which collects perifusate, was inserted just above the nylon screen covering the glomeruli. This serves as a perifusion chamber. The bottom of the pipet was connected to an infusion pump with a polyethylene tubing, which delivers a perifusate warmed to 37°C just prior to its entrance to the chamber. The glomeruli in the chamber were perifused continuously upward at 37°C in the incubation bath at a constant flow rate of 0.6 ml/min with HHGB containing 1.0 mM CaC12 and 5.5 mM glucose which was warmed to 37°C before entering the chamber. After a 30-40 min pre-control perifusion period, eluates were collected every 2 min (control collections). Perifusate was then changed to the one containing a test agent at a given concentration as specified and eluates were collected every 2 min. This was followed by post-control collections with a perifusate without any test agent. In some experiments, this postcontrol was followed by another test perifusion. Each experiment consisted of 6 min control, 6 min with a test agent followed by 12 min post-control, and in some experiments by 6 min with a test agent. Perifusates with test agents were prepared immediately prior to the perifusion experiments.
As previously reported from our laboratory ToRIKAI et al., 1981) , cortical (CCT) and medullary (MCT) collecting tubules from renal cortex and outer medulla, respectively, of collagenase-treated kidney slices were dissected manually under a microscope. Several pieces of isolated tubules (3-15 mm per incubation for CCT and 3-7 mm per incubation for MCT) were transferred in 10 µl of Hanks' solution to a small flat-bottom plastic vessel (a cap of Beckman mini vial), and the tubular length was measured through a camera lucida as described previously TORIKAI et al., 1981) . An aliquot (100 µl) of Hanks' solution pH 7.4 containing 1.0 mM CaCl2 and 5.5 mM glucose was added to an incubation vessel followed by an addition of 10 µl Hanks' solution containing test substance of vehicle to provide final concentrations specified in the RESULTS. Each incubation vessel was then placed in the bottom of a flat-bottom 17 x 52 mm glass scintillation vial. Incubation was carried out at 37°C for 30 min with room air as gas phase. The incubation was terminated by placing the incubation vessel on ice. A 100-µ1 aliquot of incubation medium was carefully withdrawn under the microscope so as not to aspirate tubular segments and transferred to a polyethylene tube. The specimens were stored at -20 °C for PGE2 assay. S. FUJIBAYASHI, and K. KUROKAWA Aliquots of eluates of glomerular perifusion and aliquots of incubation medium of collecting tubules were assayed for PGE2 without further extraction by radioimmunoassay with an antibody provided from Pasteur Institute (19). Synthetic vasopressin (grade VI), angiotensin II, and calcium ionophore (A23187) were purchased from Sigma Chem. (St. Louis, MO).
Results are expressed as the mean + S.E. of pg PGE2/(mg glomerular protein min) for the glomerulus and pg PGE2/(mm tubule S 30 min) for isolated tubules. Data were analyzed by paired or unpaired t-test as appropriate.
RESULTS
As shown in Fig. 1 , an addition of 10-6 M angiotensin II to perifusate resulted in a prompt rise in PGE2 release from glomeruli, which returned quickly upon removal of angiotensin II from perifusate to control values in post-control period. Indomethacin, an inhibitor of cyclooxygenase,10-6 M, abolished the angiotensin IIstimulated PGE2 release from glomeruli (Fig. 2) . In contrast to the unequivocal stimulatory effect of angiotensin II, vasopressin had no effect on PGE2 release from glomeruli as shown in Fig. 3 . However, in the perifusion experiments in which vasopressin failed to stimulate PGE2 release, 10-6 M angiotensin II stimulated PGE2 release, demonstrating that the lack of effect of vasopressin was not due to an inability of these particular glomerular preparations to release PGE2 (Fig. 3) . Similarly, calcium ionophore A23187 at a concentration of 2 x 10-6 M stimulated PGE2 release from 4.33+ 1.2 to 10.3+2.3 pg/(mg protein • min) (p <0.05: N=3) in the perifusion studies in which prior addition of vasopressin to the perifusate failed to stimulate it. The vehicle for A23187, DMSO was without effect. Concentrations of vasopressin and angiotensin II used in these studies are known to maximally stimulate PGE2 production by and to induce contraction of mesangial cells in culture (AUSIELLO et al., 1980; SCHARSCHMIDT and DUNN, 1983) . It has been demonstrated that collecting tubules are capable of producing PGE2. Therefore, we examined PGE2 production by isolated collecting tubules incubated at 37°C for 30 min. There was a linear relationship between the tubule length in the incubation and PGE2 production (Fig. 4) . Figure 5 summarizes our results on the effects of vasopressin, angiotensin II, and calcium ionophore on PGE2 production by the CCT. It is clear that neither vasopressin nor angiotensin stimulates PGE2 production while calcium ionophore A23187 consistently stimulates PGE2 production as reported previously by SCHLONDORFF et al. (1983 SCHLONDORFF et al. ( , 1984 and SATO and DUNN (1986) . Vasopressin at a concentration we used for PGE2 production experiments was capable of stimulating CAMP production in collecting tubules. Thus, cAMP content in the CCT increased from less than 5 to 40±7 fmol/(mm • 30 min) (N= 5, p <0.01 in the presence of vasopressin at a concentration of 10-8 M. Results of PGE2 production by MCT are summarized in Fig. 6 . Baseline PGE2 production was similar to that in the CCT. Similar to the findings in the CCT, vasopressin and angiotensin II failed to stimulate PGE2 production in the MCT, while calcium ionophore again demonstrated stimulation of PGE2 production. The PGE2 production in the presence of calcium ionophore was 3.6 times greater in the MCT than in the CCT (183 + 24 vs. 55.6 + 16.2 pg/mm tubule: p<0.05). Our present study confirmed and extended previous observations by others and clearly demonstrated that both glomeruli and collecting tubules are capable of producing PGE2 and that calcium ionophore stimulates PGE2 production on both portions of the nephron. However, there are distinct differences in the effects of these two peptide hormones on PGE2 production in glomeruli and in the collecting tubules. Thus, our data showed angiotensin II stimulates PGE2 production in the glomeruli, but not in the collecting tubules. Moreover, vasopressin had no discernible stimulatory effect on PGE2 production in both glomeruli and collecting tubules. These data may partly be at variance with observations by others. Stimulation of glomerular PGE2 production by angiotensin II has been shown by SCHLONDORFF et al. (1980) and by SRAER et al. (1980) using preparations of isolated glomeruli similar to those used in the present study. However, results on the stimulation of glomerular PGE2 production by vasopressin has not been examined in detail. Recent studies by SCHARSCHMIDT and DUNN (1983) have clearly shown selective stimulation of PGE2 by arginine vasopressin as well as by angiotensin II in cultured glomerular cells which consist primarily of mesangial cells. The magnitude of stimulation of PGE2 production by these two vasoactive hormones were comparable in these cultured glomerular cells. The reasons for these seemingly discrepant results are not known. It is possible that responses of PGE2 production may be different between freshly isolated glomeruli and glomerular cells in culture. It is possible that the number of cells capable of PGE2 production in response to vasopressin is much smaller and a minor population in freshly isolated glomeruli and thus in vivo condition, but that this cell type may overgrow during culture. Preparations used by SCHARSCHMIDT and DUNN (1983) primarily consisted of cultured mesangial cells. Alternately, expression of these hormone receptors may be affected during culture condition. In this regard, it is of interest to note that receptors for angiotensin II but not for vasopressin, may disappear after multiple passages of cultured mesangial cells (BoNVENTRE et al., 1986) .
Our present results demonstrating the absence of stimulatory effects of vasopressin on prostaglandin production in collecting tubules are consistent with observations by some investigators (GRENIER et al., 1981; SCHLONDORFF et al., 1983 SCHLONDORFF et al., , 1984 but not by others (GARCIA-PEREZ and SMITH, 1983; KIRSCHENBAUM et al., 1982) . In our present system, calcium ionophore A23187 consistently stimulated PGE2 production as reported by SCHLONDORFF et al. (1984) and SATO and DUNN (1986) . It is possible that vasopressin may stimulate PGE2 production but the magnitude may be much smaller than that by calcium ionophore. We did not determine arachidonate-stimulated PGE2 production by adding arachidonate in the incubation, a measure of cyclooxygenase activation and PGE2 isomerase activity, and instead measured PGE2 production only from endogenous precursors because regulation of PGE2 production by hormones and other agents in these tissues are thought to be at phospholipase and not at cyclooxygenase (ZUSMAN and KEISER, 1977; CRAVEN et at., 1980; SATO and DUNN 1986) . Also, we used calcium ionophore as positive controls of the system tested. Because of the difference in the experimental conditions employed by different investigators and because some reports did not include data with calcium ionophore as positive controls, it may not be appropriate to compare our results directly with other results. It has been shown that the medullary interstitial cells can release PGs in response to vasopressin (ZUSMAN and KEISER, 1977; ZUSMAN, 1981) . Although the possibility exists that medullary interstitial cells may be attached to isolated collecting tubule preparations, contaminations of interstitial cells will be minimal, if any, as judged by the absence of any grossly visible non-tubular cells attached to the tubules and by the lack of vasopressin's effect on PG production. In addition, we are not aware of any report demonstrating the presence of angiotensin II receptors in the collecting tubules; thus, the lack of the effect of angiotensin II in the collecting tubules may be expected. Our data thus suggest that the stimulatory effect of vasopressin on PGEZ production in collecting tubules, if any, may be quantitatively very small as suggested by SCHLONDORFF et al. (1983) , and that the modulatory effect of PGEZ on vasopressin action in this segment (STOKES, 1981) may be exerted primarily through PGEZ produced by medullary interstitial cells (STOKES, 1981; ZUSMAN, 1981) .
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